. 
Materials and instruments

Materials
The reagents used such as N, N-diisopropylethylamine (DIPEA), O-benzotriazole-N,N,N',N'-tetramethyluronium-hexafluorophosphate (HBTU), 1-pyrenemethylamine hydrochloride and 1-pyrenebutyric acid were purchased from Fisher Scientific. All other amino acid derivatives were purchased from GL Biochem (Shanghai) Ltd. The synthesis of A, B, Py-A and Py-B was based on solid-phase peptide synthesis (SPPS). We combined the liquid phase synthesis and SPPS together for synthesizing A-Py, B-Py, D A-Py and D B-Py. The crude compounds were purified by HPLC with an overall yield at about 80% (A, B, Py-A and Py-B at 90%). All reagents and solvents were used as received without further purification.
Instruments
All precursors were purified with Water Delta600 HPLC system, equipped with an XTerra C18 RP column. LC-MS was performed on a Waters Acquity Ultra Performance LC with Waters MICRO-MASS detector. 1 H-NMR spectra were recorded on a Varian Unity Inova 400 with DMSO as solvent. Transmission electron microscope (TEM) images were taken on Morgagni 268 transmission electron microscope. We got circular dichroism spectra on Jasco J-810 
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To evaluate the subtle influence of the regiochemistry of pyrene on the self-assembly of the pentapeptide derivatives, we connect pyrene to the N-terminal of A or B to generate another pair of molecules (Py-A or Py-B, Scheme S3). The mixture of 5.0 mM of Py-A and 5.0 mM of Py-B results in a hydrogel after 3 hours of mixing, while Py-A or Py-B remains as a solution prior to the mixing ( Figure S14 ). TEM images reveal that the mixture self-assembles to form nanofiber with uniform diameters at 7 ± 2 nm while the assemblies of Py-A (10 mM) or Py-B (10 mM) clearly are polymorphic ( Figure S15 ). Py-A exhibits higher tendency for self-assembling than Py-B does because, at 10 mM, Py-A is able to form a hydrogel after 24 h while Py-B remains a solution. (Figure S14 ). Agreeing with this observation, the emission spectrum of Py-A indicates significant pyrene-pyrene interactions, and the emission spectrum of Py-B, suggests that Py-B mainly exists as monomers in solution. The big emission peak around 470 nm indicates that pyrene-pyrene interactions dominate in the hydrogel made of the mixture of Py-A and Py-B (at 5.0 mM each) ( Figure S16A ). The CD spectra ( Figure S16B ) of Py-A, Py-B and their mixture suggest the random coils in the hydrogel of Py-A, α-helix in the solution of Py-B, and β-sheet like structure in the hydrogel of the mixture of Py-A and Py-B. Similarly, the decrease of the concentration of the mixtures of Py-A and Py-B reduces the peak around 470 nm and enhances the peaks around 375 nm and 400 nm ( Figure S17A ), indicating that pyrene dimers dominate at the concentration higher than 0.080 mM of the mixture of Py-A and Py-B ( Figure S18 ). The CD spectra of the mixtures of Py-A and Py-B ( Figure S17B ) also show that the feature of α-helices (peaks at 193 and 218 nm) becomes more prominent with the decrease of the concentration of the mixture. TEM images of the mixtures of Py-A and Py-B show that ( Figure S19) , with the decrease of concentrations, the nanofibers in the mixture become less uniform, in addition to the appearance of particulate aggregates, suggesting that the binding between Py-A and Py-B is weaker than the binding between A-Py and B-Py. Being consistent with the fluorescence and TEM results, the CMC of the mixture of Py-A and Py-B is 33 µM (Figure S20 ), which is lower than the CMC of Py-A or Py-B alone but is still higher than CMC of the mixture of A-Py and BPy. We further check the gelation properties of the mismatched molecules ( Figure S21 ), the mixture of A-Py and Py-B, the mixture of Py-A and B-Py, and the mixture of A-Py, B-Py, Py-A, and Py-B are unable to produce a hydrogel in PBS at pH 7.4. TEM images of the mixtures of the mismatched conjugates also exhibit polymorphism. Besides, the mixtures of mismatched conjugates prefer to form α-helix structures ( Figure S22, 23) . When we mix the pyrene conjugated molecules with the molecules without pyrene (e.g., A-Py with B), we find that the mixtures keep the α-helix like structures ( Figure S24 ). These results suggest the sequence complementation is critical for generating uniformed self-assembling nanofibrils. 
